Case description
================

A 54-year-old male patient was diagnosed with Barrett oesophageal carcinoma (pT1 M0 N0 R0). In the same month the oesophagus was resected with gastric pull-up operation in a university clinic which kept medical attendance over the whole time.

5 years after the operation hoarseness appeared being interpreted as paralysis of the recurrent nerve, although this was surprisingly at all times not thought to be related to the basic disease by the university hospital. (From the author's point of view the hoarseness can be interpreted as first sign of a recurrence of the tumor.)

6 years and 2 months after the operation swallowing disorders started to occur. 6 years and 4 months after the operation a recurrence of the tumor at the anastomosis was diagnosed and treated during the following 3 months with a combined chemoradiotherapy.

7 years and 4 months after the operation a second local stenosing recurrence of the tumor at the anastomosis was diagnosed and subsequently treated for 4 months with chemotherapy. Repeated ballon dilatations of the oesophagus were carried out in order to treat pronounced swallowing disorders. 7 years and 7 months after the operation, an implanted oesophageal stent was not tolerated (local pain) and had to be removed within a week. A second attempt to position an oesophageal stent led to a respiratory arrest and a revival situation. Percutaneous endoscopic gastrostomy (PEG) was performed to position a jejunal PEG tube for feeding, bypassing the swallow disturbances. A diagnostic swallow of contrast material induced a choking response resulting in an atypical aspiration pneumonia.

7 years and 9 months after the operation local tumor masses and destruction (with e.g. erosion of the seventh cervical vertebra body, already found earlier) and suspicion of lung metastases (later confirmed) were present with no ability to orally drink or eat (full feeding by jejunal PEG tube): quality of life was poor, as saliva and mucus were very viscous (pulling filaments) and could not be swallowed and had to be spat out throughout the day and night resulting in short periods of sleep (awaking from the necessity to spit out). In total (taking into account several aspects including clinical observation of swallowing acts and the increase of amount of saliva spat out within a short time span) the situation was interpreted by the author, in contrast to the university hospital, more as a problem related to a feeling of choking (with food or fluid) in the sense of a functional dysphagia rather than as a swallowing disorder from a structural stenosis.

At that time, following advices by the author, acetylcysteine (2 times 200 mg per day, given via the PEG tube) and irradiation with water-filtered infrared-A (wIRA) -- a special form of heat radiation (Figure 1 [(Fig. 1)](#F1){ref-type="fig"}) \[[@R1]\], \[[@R2]\], \[[@R3]\] -- of the ventral part of the neck and the thorax were added to the therapy (manufacturer of the wIRA radiator: Hydrosun, Müllheim, Germany, radiator type Hydrosun 750 FS). Within 1 day with acetylcysteine saliva and mucus became less viscous. Within 2 days with wIRA (one day with 4 to 5 hours with irradiation with wIRA at home; Figure 2 [(Fig. 2)](#F2){ref-type="fig"}), salivation decreased markedly and the patient's quality of life clearly improved: For the first time the patient slept without interruption and without the need for sleep-inducing medication. After five days with wIRA the patient could eat his first soft dumpling although drinking of fluids was still not possible. After 2½ weeks with wIRA the patient could eat his first minced schnitzel (escalope). The ability to swallow concentrated/incrassated fluids, more in the sense of an eating than a drinking, was regained.

Following the commencement of wIRA (with typically approximately 90--150 minutes irradiation with wIRA per day) the patient had 8 months with good quality of life with only small amounts of liquid saliva and mucus and without the necessity to spit out. During these 8 months the patient was able to sleep during the night. Some weeks after the commencement of wIRA, following consideration by the author, some additional aspects were optimized: As the patient combined oral nutrition intake with PEG tube feeding, a different PEG nutrition was chosen which induces much less viscous saliva. In addition, therapeutic training from a speech therapist having a special education in swallowing disorders was started and performed regularly.

Unfortunately the basic disease progressed -- in spite of additional chemotherapy -- and the patient died 8 years and 5 months after the operation (8½ months after starting with wIRA).

Discussion
==========

Water-filtered infrared-A (wIRA) is a special form of heat radiation (in the range 780--1400 nm) with high tissue penetration and a low thermal load to the skin surface (Figure 1 [(Fig. 1)](#F1){ref-type="fig"}) \[[@R1]\], \[[@R2]\], \[[@R3]\], \[[@R4]\], \[[@R5]\].

Water-filtered infrared-A is produced by special radiators. The complete broadband radiation of a 3000 Kelvin halogen bulb is passed through a cuvette containing water \[[@R2]\], \[[@R6]\]. The water in the cuvette absorbs or decreases those parts of infrared radiation (most parts of infrared-B and -C and the absorption bands of water within infrared-A), which would otherwise, by reacting with water molecules in the skin, cause an undesired thermal load to the surface of the skin (Figure 1 [(Fig. 1)](#F1){ref-type="fig"}) \[[@R1]\], \[[@R4]\], \[[@R7]\], \[[@R8]\], \[[@R9]\], \[[@R10]\].

The remaining wIRA radiation (in the range 780--1400 nm) has a high penetration capacity in tissue so that in comparison to conventional unfiltered infrared radiation a considerably higher amount of energy can be transferred deeply into the tissue while the thermal load to the skin surface remains low \[[@R4]\], \[[@R11]\], \[[@R12]\]. Thermography shows different skin surface temperature with the same total irradiance: a water-filtered infrared-A radiator causes a lower skin surface temperature than conventional infrared radiators without water-filter \[[@R4]\]. With equal skin surface temperature the total irradiance of infrared-A of a water-filtered infrared-A radiator is nearly 4--9-fold compared to conventional infrared radiators without water-filter \[[@R3]\], \[[@R13]\]. For certain clinically relevant wavelengths, such as 820 nm \[[@R14]\], the irradiance can be even approximately 6--30-fold (see Figure 1 [(Fig. 1)](#F1){ref-type="fig"}) \[[@R5]\], \[[@R13]\], \[[@R15]\], \[[@R16]\]. A typical wIRA radiator emits no ultraviolet radiation (UV) and almost no infrared-B and infrared-C (less than 0.5% compared to 50--80% infrared-B and infrared-C in conventional infrared radiators without water-filter) \[[@R4]\], \[[@R5]\], \[[@R11]\], \[[@R12]\], \[[@R13]\], \[[@R15]\], \[[@R16]\], \[[@R17]\].

wIRA increases tissue temperature (+2.7°C at a tissue depth of 2 cm), tissue oxygen partial pressure (+32% at a tissue depth of 2 cm) and tissue perfusion \[[@R3]\], \[[@R18]\].

The 5 main clinical effects of wIRA are: wIRA decreases pain, inflammation and exudation/hypersecretion, and promotes infection defense and regeneration, all in a cross-indication manner \[[@R1]\], \[[@R3]\], \[[@R4]\]. Therefore there is a wide range of clinical indications for wIRA (see e.g. in \[[@R2]\], \[[@R19]\]).

The effects of wIRA are based on both its thermal effects (relying on transfer of heat energy) and thermic effects (temperature-dependent effects, occurring together with temperature changes) as well as on non-thermal and temperature-independent effects like direct effects on cells, cell structures or cell substances \[[@R1]\], \[[@R2]\], \[[@R3]\], \[[@R4]\].

Decrease of pain and inflammation and promotion of infection defense and regeneration can be explained both by thermal and non-thermal effects \[[@R2]\], \[[@R19]\]. Concerning decrease of pain by wIRA an increased perfusion allows a better elimination of accumulated metabolites, as pain mediators, lactate, or bacterial toxins, and increases -- together with an increased tissue temperature -- metabolism (improved metabolisation of accumulated substances and improved regeneration) \[[@R18]\]; non-thermal effects include direct effects on cells and cellular structures and substances and perhaps as well on nociceptors \[[@R18]\]; in addition wIRA relaxes muscles and decreases pain by this as well \[[@R19]\]. Thermal effects include an increased energy production -- which is decisive for a variety of processes including regeneration -- by higher temperature and higher oxygen partial pressure \[[@R1]\], \[[@R2]\].

A decrease of exudation/hypersecretion by wIRA is observed e.g. as well in wounds \[[@R3]\], \[[@R5]\] and can be explained by non-thermal effects \[[@R2]\], \[[@R19]\].

Concerning non-thermal effects the energy-rich wavelengths near to visible light -- approximately 780--1000 nm (800--900 nm \[[@R20]\], \[[@R21]\], \[[@R22]\], 800 nm \[[@R23]\], 820 nm \[[@R14]\], 830 nm \[[@R24]\]) -- seem to be the clinically most important part of wIRA \[[@R2]\], \[[@R5]\].

Non-thermal effects include an influence on the cytochrome C oxidase in the mitochondria: cytochrome C oxidase is known as universal photo acceptor for radiation of approximately 600--1000 nm with absorption maxima at 620, 680, 760 and 825 nm \[[@R25]\], \[[@R26]\], \[[@R27]\]. By absorption of radiation the cytochrome C oxidase can induce signalling cascades and therefore has regulatory function far beyond energy production, described in detail in \[[@R2]\], based on \[[@R14]\], \[[@R25]\], \[[@R26]\], \[[@R27]\].

In the patient case mentioned above the decrease of hypersecretion (hypersalivation) and the overcoming of a swallowing disorder (interpreted for most of the time span more as a problem of choking in the sense of a functional dysphagia rather than as a swallowing disorder from a structural stenosis; swallowing as a complex nerve function), possibly interpretable as regeneration of nerve function, were the two most important underlying effects of wIRA concerning improving his quality of life.

The patient clearly benefited from some general features of wIRA, as mentioned e.g. in \[[@R1]\], \[[@R2]\], \[[@R3]\], \[[@R5]\]: All irradiations of the patient with wIRA were done at home and were contact-free without the use of expendable materials and were felt to be pleasant. A moderate irradiance was always used by choosing enough distance between radiator and uncovered skin (see Figure 2 [(Fig. 2)](#F2){ref-type="fig"}), approximately two times the length of the distance rod (distance rod = minimum irradiation distance). After receiving instructions in proper and safe use of wIRA the patient could easily apply wIRA at home by himself. This allowed long daily irradiation times and use of wIRA even at weekends and avoided the necessity of visiting a physician or a physiotherapist with a wIRA radiator for each treatment, thereby saving both time and money.

Even bronchial hypersecretion can be markedly decreased by thoracic irradiation with wIRA. Pulseoximetrically measured haemoglobin oxygen saturation, in another patient, increased reproducibly within approximately 20--30 minutes without taking other actions (especially without tracheal suction) from 90 to 95% \[[@R2]\].

As wIRA can improve the regeneration of nerve function, wIRA can be used to treat polyneuropathia (polyneuropathia with unknown reason or polyneuropathia induced e.g. by chemotherapy) and to decrease paresthesia markedly \[[@R2]\], \[[@R19]\].

It should be emphasized that in this case report wIRA was used only symptomatically and not as part of a causal therapy, although wIRA can be combined successfully in oncology with radiation therapy or with chemotherapy \[[@R28]\], \[[@R29]\], \[[@R30]\], \[[@R31]\], \[[@R32]\].

The case description is in accordance with the assessment of a palliative care ward of another university hospital that water-filtered infrared-A (wIRA) can cause impressive positive effects especially in patients with irradiated head and neck tumors.

Conclusion
==========

Besides in a variety of other indications for wIRA, in cases of swallowing disorders (functional dysphagia) and hypersalivation or hypersecretion of mucus the use of wIRA should be considered as part of the treatment regime for improving a patient's quality of life.

Notes
=====
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![Comparison of the spectra of a radiator with water-filtered infrared-A (wIRA) and of the sun measured under a cloudless sky at noon in June at sea level in the subtropics and of two different halogen radiators without water-filter for therapeutic and wellness applications (with kind permission of Dr. Helmut Piazena, Charité Berlin; from \[13\]).\
The presented spectral irradiances of the wIRA radiator and of the two different halogen radiators cause the same skin surface temperature rise in humans (temperature-related equivalence of the irradiations). The presented solar irradiance is near the maximum possible value in the subtropics at noon in midsummer on the surface of the Earth at sea level with cloudless sky. The relations between the four presented spectra are therefore realistic.\
A typical wIRA radiator emits no ultraviolet radiation (UV) and almost no infrared-B and infrared-C radiation (less than 0.5% compared to 50--80% infrared-B and infrared-C in conventional infrared radiators without water-filter) (details in \[13\]).](GMS-15-11-g-001){#F1}

![Irradiation with water-filtered infrared-A (wIRA) at home.\
(A radiator for wIRA emits -- besides wIRA -- as well visible light.)](GMS-15-11-g-002){#F2}
